SUMMARY After a period of stabilisation on a controlled low lipid low cholesterol diet with animal proteins a group of 16 children with familial hypercholesterolaemia were given a textured soybean protein based diet, with a similar fat composition. All the children had a highly significant reduction in total cholesterol, averaging -21-8% against the baseline after eight weeks. Compliance became less strict afterwards, but more than half of the patients have regularly continued the diet and results have been maintained for one year. Minimal changes were noted in triglyceridaemia and in high density lipoprotein cholesterol concentrations, which showed a slight rise only at the end of treatment. The children's growth during the trial was normal. In view of the psychological difficulties of prescribing treatment with drugs to children with severe hypercholesterolaemia before puberty and of the relative ineffectiveness of standard low lipid diets in this condition the soybean protein diet may offer a satisfactory alternative.
Hypercholesterolaemia in childhood poses serious therapeutic problems, in that treatment with drugs, although reported as well tolerated,i often conflicts with the physician's desire to avoid chronic treatments during growth. Dietary studies, on the other hand, characterised by a moderate cholesterol intake with increased polyunsaturated/saturated (P/S) fatty acid ratios, often lead to fairly modest plasma cholesterol reduction.2 3 More recently, the observation that switching from a low lipid diet with animal proteins to a similar diet with textured vegetable proteins (TVP) extracted from soybean markedly reduces cholesterolaemia in adult patients with type II hypercholesterolaemia has attracted considerable attention. An attempt to modify the type of dietary proteins in children with hypercholesterolaemia has already been carried out, using a vegetarian type of diet (including 60% animal proteins, mostly from milk) with a high linoleic acid content (P/S ratio 1-6). 5 Compared with a 'control' diet, with a similar P/S ratio, this vegetarian diet lowered cholesterolaemia by roughly 10%.
As it seems possible, based on our extensive experience in adult patients, to provide a reasonably well accepted dietary regimen, by totally substituting animal proteins with TVP from soybean, now 274
provided with added lecithin (L-TVP),P we decided to test this dietary approach in a selected group of type II children.
Patients and methods
Sixteen prepubertal subjects, with an age range of 3 to 12 years, were included in the study. 
Results
The experimental dietary plan was carefully explained to all children and their families, and all seemed capable of following it closely. All 16 children, in fact, successfully completed four weeks of treatment. After this, one child (case 5) withdrew for family reasons. There tended to be less compliance after the first month of dietary treatment. In spite of this, 12 children were still carefully following the regimen after both 12 and 18 weeks of treatment. At this point the study was considered to be complete and the data were analysed. At present, more than one year after the start of the study, eight of the children are still on a soybean diet plan, and two others are on a high P/S diet (around 1-6), with animal proteins being substituted by soy proteins in six meals each week. '5 All subjects followed their regular pattern of weight increase during the study. In no case was there any unexpected decrease or pronounced increase (Table 1 ). The mean weight of the 12 subjects (Table 2) .
After the start of the dietary treatment, the fall in cholesterolaemia was dramatic, even after two weeks of treatment. As four of the participating children did not report at the two week visit, data patients continuing treatment after eight weeks there was a further reduction of cholesterolaemia, which reached its minimum at -81-9 (11-1) mg/dl (-21-8%, p<0-0001 v their respective baseline).
Little change was noted in triglyceridaemia and in HDL-cholesterol (Figure) . At the 12 and 18 week intervals the 12 remaining children showed a stabilisation of their serum cholesterol concentration, achieving a mean reduction around 70 mg/dl (-21-6% v their respective baselines, p<0.001 in both cases). At these intervals no further significant changes were recorded for triglyceridaemia, whereas a further small rise in HDL-cholesterol was recorded ( Table 2 ).
Discussion
The effect of the addition or subtraction of different dietary nutrients on cholesterolaemia has been repeatedly examined in both normal subjects and patients with hypercholesterolaemia. 16 Specific formulas have been proposed to evaluate quantitatively the effect of varying the P/S ratio or the dietary cholesterol intake, or both.17 II More recently, it has been suggested that the P/S ratio may be of less importance when subjects consume a diet with a fairly low (less than 30%) fat content. 1 Compared with the wealth of knowledge related to adult hypercholesterolaemia, little is known on (16) i- -4 group.bmj.com on June 20, 2017 -Published by http://adc.bmj.com/ Downloaded from the specific sensitivity of children to dietary changes. Apparently, both infants'" and young children-3 seem to be remarkably sensitive to dietary cholesterol and fat restriction, generally showing dramatic plasma cholesterol reductions on shifting from a diet of >400 mg/day cholesterol to a diet with < 150 mg/day. The effects are, however, far less striking after children with hypercholesterolaemia reach 6 years of age. Rose et al detected a 20% reduction of serum cholesterol in only eight of 16 children with type II disease treated for one year with a low cholesterol, high P/S diet; no substantial change was found in the other eight. More recently, Fernandes et al tested a virtually cholesterol free, high linoleic acid vegetarian diet, with 39% of energy from vegetable protein against 33% in the reference low lipid diet, in children with type II disease.? The mean cholesterol reduction induced in these 39 children (4 to 14 years of age) was around 10%; HDL-cholesterol and apo Al decreased by 4%.' In a study with different objectives MacLean et al noted that in malnourished children animal proteins (casein) led to 36% higher cholesterolaemias compared with vegetable proteins (wheat).2' Based on our large clinical experience with the total substitution of animal proteins with TVP from soybean in the treatment of adult patients with type II hypercholesterolaemia," this diet was administered to a group of 16 children with an inherited form of hypercholesterolaemia. Some came from families where the disease had exerted an appreciable impact on the cardiovascular morbidity and mortality. Another incentive to this study was the recent observation, by one of our groups, of an up regulatory effect of this diet on liver lipoprotein receptors, down regulated by dietary cholesterol. 22 In view of the clear importance of an impaired receptorial regulation in many of these children, this type of diet seemed capable of providing a satisfactory alternative to effective, but at times poorly tolerated,23 treatment with drugs.
The described results show that children respond to the dietary change in a more or less similar way to adults. Unexpectedly, we found it difficult to maintain many of these children on a strict regimen for a prolonged period. We hoped that children, less exposed to the habitual consumption of animal protein compared with adults, would accept the new regimen better. This was not the case, possibly because of the constant exposure to highly publicised food items, as well as to the school environment. One of the children (case 4), with a homozygous receptor deficient disease, was treated, however, with the regimen during admission to hospital; after just four weeks of a strictly controlled diet he presented with a plasma cholesterol reduction of close to 30%. Greater sensitivity of children compared with adults cannot thus be excluded. Moreover, more than half of the children have continued the regimen, either on a total basis or on partial substitution,'5 for over a year.
The cholesterol reduction seems to be limited to changes in LDL concentrations. In contrast to the experience of Fernandes et al,5 we failed to note any drop in HDL-cholesterol. Indeed, to some extent similar to our previous experience with adult patients with type II hypercholesterolaemia treated with the new TVP regimen containing 6% lecithin,6 we noted a slight trend to increase in HDLs. In the other study only patients with a very low HDLcholesterol responded with a significant increase when placed on the new diet.6 Also because of the fairly small number of children with very low HDLcholesterol in this study we could not show the presence of a similar trend in our patients.
In conclusion, it seems that the soybean diet regimen can provide a safe and effective dietary treatment for children with type II hypercholesterolaemia, even with familial conditions. The potential of this regimen to reduce the incidence and severity of arterial complications needs to be evaluated further. 
